Repair of thymine glycol by hNth1 and hNeil1 is modulated by base pairing and cis-trans epimerization.
Oxidation of thymine yields 5,6-dihydroxy-5,6-dihydrothymine (thymine glycol. Tg) which, as cis 5S,6R and 5R,6S 2'-deoxyribonucleoside diastereoisomers (dTg1, dTg2), are in equilibrium with their trans 5S,6S and 5R,6R epimers. The stereoselective excision of Tg from DNA by the mammalian orthologs of E. coli DNA N-glycosylase/AP lyases Nth and Nei was reported using substrates in which Tg opposed adenine. Since we showed that Tg is the major product of oxidation of 5-methylcytosine, we asked if the opposing purine influenced stereospecific enzymatic excision. The human ortholog hNth1 released Tg2 much more rapidly than Tg1 regardless of the opposing purine. In contrast, hNeil1 released Tg non-stereoselectively, but the rate of excision was much greater when Tg opposed guanine. Remarkably, the kinetics of excision of Tg by hNth1 and hNeil1 were biphasic, describing a double exponential curve which yielded two rate constants. We suggest that the greater rate constant describes the rate of enzymatic excision of Tg. The smaller rate constant represents the equilibrium constant for the cis and trans epimerization of dTg1 and dTg2 in high molecular weight DNA. Thus, only one of the epimers of dTg1 and dTg2 are enzymatically processed but it is not yet known whether it is cis or trans. Thus, base excision repair of Tg in mammals is mediated by at least two DNA N-glycosylase/AP lyases which are affected by the nature of the diastereoisomer of dTg, the rate of cis-trans epimerization of each diastereoisomer, and the nature of the opposing purine.